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Abstract 

Background: Determination of the prevalence and drug susceptibility of the M. tuberculosis strains is important in 
tuberculosis control. We determined the genetic diversity and susceptibility profiles of mycobacteria isolated from 
tuberculosis patients in Mbarara, South Western Uganda. 

Methods: We enrolled, consecutively; all newly diagnosed and previously treated smear-positive TB patients aged 
> 18 years. The isolates were characterized using regions of difference (RD) analysis and spoligotyping. Drug 
resistance against rifampicin and isoniazid were tested using the Genotype® MDRTBplus assay and the indirect 
proportion method on Lowenstein-Jensen media. HIV-1 testing was performed using two rapid HIV tests. 

Results: A total of 125 isolates from 167 TB suspects (60% males) with a mean age 33.7 years and HIV prevalence 
of 67.9% (55/81) were analyzed. Majority (92.8%) were new cases while only 7.2% were retreatment cases. All the 
125 isolates were identified as M. tuberculosis strict sense with the majority (92.8%) of the isolates being modern 
strains while seven (7.2%) isolates were ancestral strains. Spoligotyping revealed 79 spoligotype patterns, with an 
overall diversity of 63.2%. Sixty two (49.6%) of the isolates formed 16 clusters consisting of 2-15 isolates each. 
A majority (59.2%) of the isolates belong to the Uganda genotype group of strains. The major shared spoligotypes 
in our sample were SIT 135 (T2-Uganda) with 15 isolates and SIT 128 (T2) with 3 isolates. Sixty nine (87%) of the 79 
patterns had not yet been defined in the SpolDB4.0.database. Resistance mutations to either RIF or INH were 
detected in 6.4% of the isolates. Multidrug resistance, INH and RIF resistance was 1.6%, 3.2% and 4.8%, respectively. 
The rpofi gene mutations seen in the sample were D516V, S531L, H526Y H526D and D516V, while one strain had a 
A1 mutation in the wild type probes. There were three strains with katG (codon 315) gene mutations only while 
one strain showed the inhA promoter gene mutation. 

Conclusion: The present study shows that the TB epidemic in Mbarara is caused by modern M. tuberculosis strains 
mainly belonging to the Uganda genotype and anti-TB drug resistance rate in the region is low. 



Background 

Uganda ranks 16th among the world's 22 countries with 
the highest tuberculosis burden in the world [1]. The 
country had more than 132,000 TB cases in 2007, with 
an estimated incidence rate of 330 per 100,000 people 
with greater Mbarara contributing about 26% of all TB 
cases. This region has been heavily affected by the TB/ 
HIV epidemic. In 2005, the case notification for Mbarara 
was 175/100,000 people compared to the 147/100,000 
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people for Uganda [2]. In 2008 the TB/HIV co-infection 
rate for Mbarara was 65% [3] 

To date, there are very limited data available pertaining 
strains circulating in Mbarara yet evidence indicates that 
M. tuberculosis' ability to spread varies from strain to 
strain and those different strains have different geogra- 
phical and/or host specificities [4,5]. The presence of 
Human immunodeficiency virus (HIV) has caused an 
increase in Mycobacterium tuberculosis complex (MTC) 
infection [6] and rapid progression of the infection [7] 
and is also known to increase MTC transmission rates at 
the community level, further threatening the health and 
survival of HIV sero-negative individuals as well [8]. 
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Since the discovery of DNA polymorphisms in 
M. tuberculosis, molecular typing of strains has become 
an invaluable tool for the study of epidemiology of TB. 
Some of the applications include; predicting transmission 
rates and identifying dominant strains associated with 
outbreak [9] severe disease [10] and drug resistance. 

Comparative-genomics approaches greatly enhanced 
our understanding of the mechanisms of insertion and 
deletion of DNA and the resulting distribution of variable 
regions around the genomes of tubercle bacilli [11-13]. 
There are 20 variable regions of which 14 regions of dif- 
ference (RD1 to RD14) were found to be absent from 
Bacillus Calmette-Guerin (BCG) Pasteur relative to 
M. tuberculosis H37Rv [13-15]. Six regions, H37Rv- 
related deletions (RvDl to RvD5 and M. tuberculosis 
specific deletion 1 (TbDl) are absent from the M. tuber- 
culosis H37Rv genome relative to other members of the 
M. tuberculosis complex. Based on the presence or 
absence of the TbDl region, M. tuberculosis strains can 
be divided into "ancestral" and "modern" types. The Beij- 
ing, Haarlem, and African strains responsible for major 
epidemics are modern types [11,16]. 

Clustered regularly interspaced short palindromic 
repeats (CRISPRs) are repetitive structures in bacteria and 
archaea composed of exact repeat sequences 24 to 48 
bases long separated by unique spacers of similar length 
[17,18]. The CRISPR sequences appear to be among the 
most rapidly evolving elements in the genome, to the 
point that closely related species and strains, sometimes 
more than 99% identical at the DNA level, differ in their 
CRISPR composition [19,20]. Direct Repeat loci (DR) are 
members of the CRISPR [21]. The Direct Repeat locus 
consists of alternating identical DRs and variable spacers 
can be assessed using the spoligotyping fingerprinting 
methodology. Variability in the direct repeat locus of 
M. tuberculosis [22] most likely occurs by one of three 
mechanisms-homologous recombination between neigh- 
boring or distant direct variable repeats, IS-mediated 
transposition, and DNA replication slippage [22]. 

Drug resistance among mycobacteria is a threat to the 
treatment of tuberculosis globally and threatens to 
reverse the gains made so far in the fight against tubercu- 
losis. Several competing technologies have been proposed 
for rapid detection of drug resistant tuberculosis. Some 
commercial assays are currently available including 
INNO-LiPA Rif.TB (Innogenetics N.V, Ghent, Belgium) 
and GenoType® MTBDR (HAIN Lifesciences GmbH, 
Nehren, Germany) [23]. The new version of the latter 
assay (GenoType* MTBDRplus), targeting the rpoB gene 
associated with the resistance to rifampicin (RIF) and 
both genes (katG and inhA) commonly associated with 
the resistance to isoniazid (INH) has been evaluated 
mainly on cultures and clinical specimens in various low 
incidence settings, demonstrating excellent specificity 



and good concordance with phenotypic drug susceptibil- 
ity test (DST) results [24,25]. 

The current study was carried out in the Mbarara 
region of South- Western Uganda between May 2007 
and April 2008 in order to know the clones of M. tuber- 
culosis and their drug resistance patterns. 

Methods 

Study setting 

The study was conducted between May 2007 and April 
2008 in the former greater Mbarara in the South- western 
region of Uganda. Greater Mbarara is a rural region that 
is currently made up of four districts namely Ibanda, 
Isingiro, Kiruhura and Mbarara (Figure 1). 

Study design 

This was a cross sectional study in which we enrolled, 
consecutively, all consenting smear-positive newly diag- 
nosed and retreatment TB patients aged > 18 years. 
Three consecutive sputum samples (spot, early morning 
and spot) were taken from each patient according the 
Uganda National TB and Leprosy guidelines. Only the 
sample with the highest ZN smear grade for each 
patient was further processed and cultured. Samples 
were stored at 4°C at the recruitment clinics, in any case 
for not more than 48 hours, until transported in a cold 
box to the National tuberculosis reference laboratory 
(NTRL) in Kampala for processing and culture. 

Sputum sample processing 

Specimens (2.5-10 ml) were processed by the standard 
N-acetyl L-cystein (NALC)-NaOH method [26] and 
concentrated at 4000 x g for 15 minutes. The sediment 
was reconstituted to 2.5 ml with phosphate buffer pH 
6.8, to make the inoculum for the smears and cultures. 

Culture and identification 

Two Lowenstein-Jensenslants, one containing 0.75% gly- 
cerol and the other containing 0.6% pyruvate were 
inoculated with the sediment and incubated at 37°C and 
examined weekly for growth. Cultures were considered 
negative when no colonies were seen after 8 weeks 
incubation. 

DNA Extraction 

Isolates were harvested and DNA extracted using a stan- 
dardized protocol [27]. 

RD analysis 

RD analysis for 16SrRNAS, RD4, RD 9, RD12 and TbDl 
was performed for speciation of the isolates was done 
at the department of Medical Microbiology, Makerere 
University College of Health Sciences as previously 
described [28]. 
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Uganda 



Figure 1 Map of Uganda showing former greater Mbarara district, the study area 

V 



Spoligotyping 

Standard spoligotyping was performed as previously 
described [29] using a commercially available kit (Isogen 
Bioscience BV, Maarssen, The Netherlands). 

Conventional drug susceptibility testing 

The indirect proportion method on Lowenstein-Jensen 
media was performed by the NTLP for patient manage- 
ment at the following final drug concentrations: rifampi- 
cin, 40 ug/ml and isoniazid, 0.2 ug/ml. The NTLP 
kindly provided the results for comparison with the kit 
results. 

GenoType® MTBDRplus assays 

Identification of mutations in rpoB, katG, and inhA 
genes associated with resistance to RIF and INH was 
performed on the mycobacterial cultures according to 
the manufacturer's recommendations. Briefly, heat ther- 
molysates of cultures were obtained by heating cultures 
suspended in Tris-EDTA (TE) at 80°C for two hours fol- 
lowed by incubation in an ultrasonic bath for 5 minutes. 



PCR and subsequent hybridization steps were performed 
according to manufacturer's recommendations. There- 
after, strips were attached to the evaluation sheet, read 
and interpreted. For quality control we included known 
fully sensitive and resistance isolates in each run. 

HIV testing 

HIV-1 testing was performed using two rapid HIV tests, 
Unigold Recombinant HIV (Trinity Biotech, Wicklow, 
Ireland) and Determine HIV-1/2 (Abbott, Tokyo, Japan). 
Samples were tested first with Abbot Determine. Positive 
samples were confirmed with Unigold, while discordant 
results were resolved by a third rapid test kit, HIV-1/2 
Stat-Pak (ChemBio, Medford, NY). Pre and post test HIV 
counseling was done for all consenting individuals. 

Data analysis 

Socio-demographic data was entered into the computer 
using Microsoft Excel 2000 software and then exported 
to SPSS version 10 for analysis. All spoligotyping data 
were digitized and analyzed with the BioNumerics 
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software, version 5.0 (Applied Maths, Kortrijk, Belgium). 
Spoligotype identification was carried out according to 
SpolDB4 [30] and by the freely accessible MIRU- 
VNTRplus web database [31]. The latter comprises spo- 
ligotyping data of a reference strain collection of validly 
described Mycobacterium tuberculosis complex (MTBC) 
genotypes. Labels for major phylogenetic families were 
assigned according to signatures provided in SpolDB4. 
Univariate analysis of categorical variables utilized per- 
centages while means and standard deviations were cal- 
culated for continuous variables. The median and range 
was presented whenever continuous data was skewed. 
Chi squares were computed in ST AT A version 11 and a 
P value of < 0.05 was considered evidence of significant 
difference. 

Ethical considerations 

This study received ethical clearance from the faculty 
research and ethics committee of the faculty of medicine 
of Mbarara University of Science and Technology, the 
institutional review board of Mbarara University of 
Science and Technology and the Uganda National 
Council for Science and Technology. Patients were iden- 
tified and managed according to Uganda NTLP guide- 
lines [32]. Informed consent to participate in the study 
as well as permission to use isolates from samples pro- 
vided were obtained from all enrolled participants. 

Results 

Study population and samples 

We enrolled a total of 167 sputum smear positive tubercu- 
losis suspects presenting at the various TB clinics in the 
greater Mbarara during the study period. The samples 
were graded depending on AFB count in the specimen 
according to the WHO recommendations [33]. Of the 167 
samples that were cultured 140 (84%) grew, 14 (8%) had 
no growth and 13 (8%) were contaminated. Of the 140 
cultures 15 (10.7%) did not have full demographic data 
and were therefore not available for the study leaving 125 
isolates. Of the 125 patients with viable isolates, majority 
116 (92.8%) were newly diagnosed and 9 (7.2%) had pre- 
vious history of TB treatment. Of these patients, 50 were 
females and 75 were males with a mean age of 33.7 years. 

RD analysis 

All the 125 isolates that were available for RD analysis 
were identified as M. tuberculosis sensu stricto. Seven iso- 
lates were found to have all the RD loci conserved includ- 
ing TbDl and were therefore ancestral strains (Table 1). 

Spoligotyping 

All the isolates had spoligotypes characteristic of 
M. tuberculosis. The isolates gave 79 different spoligo- 
patterns, with an overall diversity of 63.2%. A total of 62 



Table 1 Species identification and PCR results of the M. 



tuberculosis complex isolates 



M. tuberculosis Complex 


Targeted PCR Locus 




16rDNA RD4 RD9 RD12 TbD1 


Ancestral M. tuberculosis*(r\ = 07) 


+ + + + + 


Modern M. tuberculosis^ (n = 1 1 8) 


+ + + + - 



*Defined as possessing the TbDl locus intact; tDefined as possessing the 
TbDl deletion; 

+ = locus intact, - = locus deleted 



(49.6%) isolates, were grouped into 16 clusters consist- 
ing of 2-15 isolates each, while the remaining 63 (51.4%) 
isolates did not cluster. Among the 16 clusters, three 
included five or more isolates each and were defined as 
major spoligotypes in this study, while minor spoligo- 
types, on the other hand, were defined as spoligotype 
international types (SITs) that contained less than five 
isolates per cluster (Figure 2). Spoligotypes that neither 
clustered nor matched any existing pattern in the 
SpolDB4 database were defined as orphans. Of the 79 
patterns observed in this study, 69 were true orphans. 

The family assignment showed that 59.2% of the iso- 
lates belonged to the Uganda genotype, 7.2% to the 
CAS_DELHI, 6.4% to the Latin American Mediterranean 
(LAM), 5.6% to the East-African Indian (EAI) family, 4% 
belonged to the Cameroon family, 2.4% to the Ghana 
family and 13.6% were not assigned to any family. 

Comparison of the spoligotypes in our study with 
SpolDB4.0 allowed differentiation between ubiquitous 
types (SIT 26-CAS_DELHI, SIT 52-T2, SIT 53- Tl, SIT 
54-MANU2, SIT 59- LAM11_ZWE, SIT356- CAS, SIT 
358-T1, SIT 420-T2, SIT 815- LAM11_ZWE, SIT 1090 - 
EAI5 and SIT 1572-T2) and those believed to be endemic 
in Uganda (SIT 128- T2 and SIT 135 -T2). 

A majority (59.2%) of the isolates lacked hybridization to 
either spacer 40 alone (Uganda genotype II) or to both 40 
and 43 (Uganda genotype I). These Uganda genotype 
strains formed 8 clusters (ranging 2 to 15 isolates). Nine 
strains were Uganda genotype I while seventy seven were 
Uganda genotype II. Forty eight Uganda genotype strains 
did not cluster. 

HIV sero-status 

Fifty five patients were HIV sero-positive, twenty six 
were HIV sero negative and forty four had unknown 
sero-status because they did not consent to HIV testing. 
There was no significant difference (P = 0.116) in sero- 
status between female and male patients in the study. 

An analysis of the predominant spoligotypes in HIV 
sero-positive and sero-negative patients showed that 28/ 
55 (50.9%) of sero-positive individuals carried strains of 
the Uganda family, while only 12.7% carried the LAM 
strains,3.2% Delhi/CAS strains, and 5.6% carried unique 
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Figure 2 Spoligotype pattern of clustered M. tuberculosis strains in the study SIT, spoligotype international type; N, number of isolates, 
filled boxes represent positive hybridization while empty boxes represent absence of spacers; label defines the lineage/sub lineage; NA, not 
available in SpolDB4.0. 



strains. Furthermore, 19/26 (73.1%) of the HIV sero- 
negative individuals carried strains of the Uganda family, 
while only 3.8% carried the LAM strains,3.8% Delhi/ 
CAS strains, and 15.4% carried unique strains. Of those 
who did not consent for HIV testing 27/44 (61.4%) car- 
ried the Uganda family of strains while only 2.3% carried 
the LAM strains,11.4% Delhi/CAS strains, and 13.6% 
carried unique strains. 

Drug susceptibility patterns 

Susceptibility testing showed that six isolates were resis- 
tant to rifampicin, and four to isoniazid, with two isonia- 
zid resistant isolates being rifampicin resistant as well, 
hence MDR. All the two MDR strains were isolated from 
patients below 39 years of age, all being HIV sero-posi- 
tive females. Surprisingly, the MDR strains were isolated 
from newly presenting patients. Four of the 74 isolates of 
Uganda family were resistant to at least one drug while 
two of the Delhi/ CAS family was resistant to at least one 
drug. There were two MDR isolates, one belonging to the 
Delhi/CAS family and the other to Uganda family. The 
rifampicin resistant isolates displayed three types of 
mutations: three isolates had a mutation at position 
D516V, two had S531L, while one of the isolates with 
D516V had a further two mutations, H526Y and H526D 
in the rpo/3 gene. Only one strain had a Al mutaion in 
the wild type probes and, according to the kit manufac- 
turer's recommendation, was considered resistant. There 
was no significant association between drug resistance 
and any lineage. A summary of drug susceptibility pat- 
tern of the isolates with the spoligotypes is shown in 
Table 2. 

Discussion 

Deletion analysis using 16SrRNAS, RD4, RD 9, RD12 
and TbDl revealed that all the strains investigated were 
M. tuberculosis. This finding is comparable to that of 
the study by Byarugaba et al 2009 [34] which found no 



M. bovis among the 75 MTC isolates from the mainly 
cattle rearing communities of greater Mbarara. This 
could be a result of improved animal husbandry in 
Mbarara, or due to improved practices of the people 
such as boiling of milk before consumption. On the 
other hand, it may be due to the fact all of our samples 
were pulmonary sputum, which might have limited the 
chances of culturing M. bovis. 

The diversity of the M. tuberculosis found in the present 
study (63.2%) is high compared to 16.6% described from a 
study in central Uganda [35], which may indicate geogra- 
phical differences in the epidemiology of TB in Uganda. 
Another hypothesis could be because of differences in the 
population density. Central Uganda has the major cities of 
the country and therefore has a high transmission rate, 
hence limited diversity. Mbarara is a big district, sparsely 
populated because of the main economic activity: cattle 
keeping. In such an area, it is possible to have less trans- 
mission and a highly diverse bacterial population. This is 
not easily determined using spoligotyping alone and would 
therefore require more discriminatory techniques such as 
MIRU and restriction fragment length polymorphism 
(RFLP) to confirm this. 

In this study 69 (87%) of the spoligopatterns could not 
be typed on the basis of the existing SpolBD4 database. 
This indicates the current absence of knowledge on the 
genetic diversity of M. tuberculosis strains in from this 
region. This therefore calls for more clinical epidemiolo- 
gical studies in different regions of not only Uganda but 
Africa at large so as to clearly understand the genetic 
diversity of the TB epidemic on the continent. 

Majority (59.2%) of the strains in our sample were of the 
Uganda genotype, a finding which is in keeping with those 
of earlier studies in Uganda [36-38] as opposed to findings 
from the surrounding East African countries [39,40]. For 
example a study in Kenya [39] found only eight (11%) of 
73 isolates to be of the Uganda family while in northern 
Tanzania [40] only four (3%) of 130 strains were 
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Table 2 Association of drug susceptibility pattern of the isolates with Spoligotypes 



Susceptibility Profiles 








Lineages 












Uganda 


E Al 


Dehh/CAS 


LAM 


Ghana 


Cameroon 


Others 


P Value 


rur ncblbLd M I 




n 


i 


1 


n 


o 


] 


0 894 


RIF Sensitive 


71 


7 


9 


8 


3 


5 


16 




INH resistant 


1 


0 


2 


1 


0 


0 


0 


0.46 


INH sensitive 


73 


7 


8 


8 


3 


5 


17 




Sensitive to both drugs 


70 


7 


8 


8 


3 


5 


16 


0.076 


Any Resistance 


4 


0 


2 


1 


0 


0 


1 




MDR 


1 


0 


0 


1 


0 


0 


0 


0.436 


Non MDR 


73 


7 


10 


8 


3 


5 


17 





T2-Uganda. Collectively these findings are in agreement 
with those of other studies showing a tendency for local 
genotypes to form a greater proportion of the circulating 
strains in different parts of Africa [41-44]. These results 
indicate that each of the major lineages of M. tuberculosis 
have evolved to most efficiently transmit within an original 
human population. These results are further in agreement 
with other findings where it was noted that different 
strains of M. tuberculosis have adapted to specific human 
populations, and that such local strains are more likely to 
transmit compared to others [4,45] . 

The relative frequencies of major M. tuberculosis spoligo- 
type families were in range with the overall frequencies in 
Uganda and other East African countries [35,36,39,40,46]. 
The largely predominant Uganda family identified in more 
than 59% of the strains in our study is ubiquitous in this 
country. Both its high degree of dissemination and its pre- 
ponderance among the new (shared as well as orphan) pat- 
terns are manifestations of the current adaptive evolution 
of the Uganda genotype in this setting. Other significant 
spoligotypes in our study were LAM (7.2%), CAS (8%), EAI 
(5.6%), Cameroon (4%) and Ghana (2.4%). A study by 
Asiimwe et al 2008 from Kampala showed proportions of 
CASl-Kili (3.5%), LAM9 (2.6%), CASl-Delhi (2.6%), 
LAM3/S (1.7%), CAS1 (1.7%), and LAM11-ZWE (1.5%). In 
comparison to other studies in the region, the CAS, LAM 
and EAI families were reported at 37%, 22% and 17% 
respectively of a total of 147 isolates in a study in Dar es 
Salaam, Tanzania [46]; while in northern Tanzania, the 
most predominant families were CAS-Kili (30%), LAM11- 
ZWE (14.6%), EAI (6.2%), Beijing (5.4%), and CASl-Delhi, 
Tl and LAM9 at 3.8% [40]. In Kenya, on the other hand, 
35.6% of 73 isolates were of the CAS family, while 11% 
were LAM [39]. These studies show more success of the 
CAS, LAM and EAI families in the neighboring East Afri- 
can countries, while in Central and Western Uganda, the 
Uganda family of strains predominates. 

We found resistance to isoniazid and rifampicin to be 
3.2% and 5.6% respectively, while MDR was 1.6% (2/125). 
Our result show differences compared with findings that 



were obtained in the last National anti-tuberculosis drug 
resistance survey in Uganda of 1996-97 that indicated a 
primary resistance to isoniazid of 6.7%, that to rifampicin 
at 0.8%, and MDR of 0.5% [47]. More recently, a study in 
peri-urban Kampala showed resistance to isoniazid of 
8.1%, rifampicin resistance of 4.4% and MDR was found 
to be 4.4% [35]. These differences may probably be due 
to sampling strategy employed in each study and the 
numbers involved. While the National survey randomly 
sampled districts in Uganda, the peri-urban study in 
Kampala looked at a single division known to be the sec- 
ond most TB burdened in the city, while the current 
study sampled patients from various villages of a rural 
district in western Uganda. 

Studies from neighbouring East African countries show 
varied results. In a study in Rwanda, resistance to isonia- 
zid was found at 6.2%, that to rifampicin was 3.9% with 
all rifampicin resistant isolates being multidrug-resistant 
[48] . In northern Tanzania, on the other hand, a study of 
111 isolates showed that 9.9% were resistant to isoniazid, 
2.7% to rifampicin, while MDR was 2.7% [40]. Generally, 
the drug resistance rates in the current study are fairly 
within the range of those found in previous studies both 
in-country and around the region. However there is evi- 
dence of an increase in the MDR rate in Uganda in the 
last two studies compared to the first National survey 
albeit on smaller samples. Although a number of patients 
were not tested for HIV and could be dually infected, 
two thirds of those tested for were infected by both HIV 
and TB, a common trend in sub Saharan Africa [49] . 

Despite the high prevalence of the Uganda family there 
was no significant association with anti-TB drug resistance 
(P-value = 0.076) This finding in agreement with the find- 
ing by Asiimwe et al [35] who found that there was no 
significant difference in the resistance pattern of the pre- 
dominant T 2 Uganda genotype versus the Non T family. 
This therefore implies that T2 Uganda might not be the 
driving force of anti-tuberculosis drug resistance in this 
community Mutations in codon 315 of the katG gene 
were the only ones found in our study. These mutations 
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are found in the vast majority of isoniazid-resistant isolates 
[50,51]. However, the frequency of codon 315 mutations 
in isoniazid-resistant isolates in other populations has 
been reported to range from 35% to 97% [52]. Mutations 
in codon 315 do not significantly decrease the peroxidase 
activity of the katG gene product, but do decrease its abil- 
ity to activate isoniazid[53]. These features allow the 
mutants to maintain the peroxidase activity required for 
virulence, and to resist killing by isoniazid. Such isolates 
often display resistance to only lower levels of isoniazid, 
and resistance to higher levels appears to correlate with 
loss of catalase activity or acquisition of mutations in mul- 
tiple genes implicated in isoniazid resistance, e.g., inhA or 
ahpC[54,55]. 

The most frequent mutation in the rpoB codons in 
our study was 516 (43%). As opposed to mutation 531 
which is the most commonly observed mutation in 
rifampicin-resistant isolates in many parts of the world, 
e.g., in Brazil (54%) [56], the USA (35%) [57], India 
(38.7%) [58], Germany (65%) [59] and Australia (52%) 
[60]. 

Differences in the frequencies of mutations in the 516, 
526 and 531 codons of the rpoB gene among isolates of 
the Beijing, Haarlem and LAM families may primarily 
reflect differences in mutational frequencies or the rela- 
tive fitness of the mutations in the strain families, as 
opposed to a possible sampling bias caused by extensive 
transmission of individual MDR strains. 

Overall, the data indicate that the frequencies of indi- 
vidual mutations in the genes associated with rifampicin 
and isoniazid resistance vary among isolates belonging 
to different genotype families. Such variation may influ- 
ence the performance of molecular diagnostic tests 
designed to detect mutations associated with drug resis- 
tance in M. tuberculosis isolates. This emphasises the 
importance of validating the performance of a diagnostic 
test in the population being tested. The biological signif- 
icance of the predominance of certain mutations in par- 
ticular genotype families remains to be determined. 

Conclusions 

This study provides an insight into the M. tuberculosis 
strains circulating in the rural district of Mbarara, South 
Western Uganda. We have shown that the majority of 
the Mycobacteria in Mbarara are modern M. tuberculo- 
sis with a wide diversity of spoligotypes and a predomi- 
nance of the Uganda genotype. Additionally, strain types 
in our sample were not associated with drug resistance. 

Acknowledgements 

This study received funding from DAAD and WHO/Tropical disease research. 
We thank Charles Ndaula of the TB laboratory at Mbarara University of 
Science and Technology and the staff at National Tuberculosis Reference 



Laboratory at Wandegeya and the molecular biology laboratory staff at 
Makerere University Medical School for technical assistance. 

Author details 

department of Microbiology, Faculty of Medicine, Mbarara University of 
Science and Technology, Mbarara, Uganda, department of Medical 
Microbiology, School of Biomedical Sciences, College of Health Sciences, 
Makerere University, Kampala, Uganda, department of Microbiology and 
Immunology, School of Medicine, Muhimbili University of Health and Allied 
Sciences, Dar es Salaam, Tanzania. 

Authors' contributions 

JB participated in the planning of the study, acquisition of samples and 
demographic data, culture and isolation of mycobacteria, molecular assays 
and drafting of manuscript; BBA participated in molecular assays, data 
analysis and drafting of the manuscript, MU participated in general 
supervision of the study and critical revision of the manuscript, FB 
participated in performing the HAIN assays, MM participated in the 
conception of the study, general supervision of the study, critical revision of 
manuscript. All authors read and approved the final manuscript. 

Competing interests 

The authors declare that they have no competing interests. 

Received: 3 September 2010 Accepted: 31 March 2011 
Published: 31 March 2011 

References 

1. WHO, Report: Global tuberculosis control - epidemiology, strategy, 
financing. WHO/HTM/TB/2009.41 1 2009. 

2. Republic of Uganda, Ministry of Health: National tuberculosis and Leprosy 
programme South Western Uganda Annual report. 2005. 

3. Republic of Uganda, Ministry of Health: National tuberculosis and Leprosy 
programmeSouth Western Uganda Annual report. 2008. 

4. Gagneux S, DeRiemer K, Van T, Kato-Maeda M, de Jong BC, Narayanan S, 
Nicol M, et al: Variable host-pathogen compatibility in Mycobacterium 
tuberculosis. Proc Natl Acad Scl USA 2006, 103(8)2869-73. 

5. Filliol I, Motiwala AS, Cavatore M, Qi W, Hernando Hazbon M, et al: Global 
Phylogeny of Mycobacterium tuberculosis based on single nucleotide 
polymorphism (SNP) analysis: insights into tuberculosis evolution, 
phylogenetic accuracy of other DNA fingerprinting systems, and 
recommendations for a minimal standard SNP set. J Bacterial 2006, 
188:759-772. 

6. Bucher HC, Griffith LE, Guyatt GH, Sudre P, Naef M, Sendi P, Battegay M: 
Isoniazid prophylaxis for tuberculosis in HIV infection: a meta-analysis of 
randomized controlled trials. AIDS 1999, 13(4)501-7. 

7. Daley CL, Small PM, Schecter GF, Schoolnik GK, McAdam RA, Jacobs WR Jr, 
Hopewell PC: An outbreak of tuberculosis with accelerated progression 
among persons infected with the human immunodeficiency virus. An 
analysis using restriction-fragment-length polymorphisms. N Engl J Med 
1992, 326(4)231-5. 

8. Odhiambo JA, Borgdorff MW, Kiambih FM, Kibuga DK, Kwamanga DO, 
Ng'ang'a L, et al: Tuberculosis and the HIV epidemic: increasing annual 
risk of tuberculous infection in Kenya, 1986-1996. Am J Public Health 
1999, 89(7}:1 078-82. 

9. Puustinen K, Marjamaki M, Rastogi N, Sola C, Filliol I, Ruutu P, Holmstrom P, 
Viljanen MK, Soini H: Characterization of Finnish Mycobacterium 
tuberculosis isolates by spoligotyping. J Clin Microbiol 2003, 41 (4):1 525-8. 

10. van Crevel R, Nelwan RH, de Lenne W, Veeraragu Y, van der Zanden AG, 
Amin Z, van der Meer JW, van Soolingen D: Mycobacterium tuberculosis 
Beijing genotype strains associated with febrile response to treatment. 
Emerg Infect Dis 2001, 7:880-3. 

11. Brosch R, Gordon VS, Marmiesse M, Brodin P, Buchrieser C, Eiglmeier K, 
Gamier T, Gutierrez C, Hewinson G, Kremer K, Parsons ML, Pym SA, 
Samper S, van Soolingen D, Cole TS: A new evolutionary scenario for the 
Mycobacterium tuberculosis complex. Proc Natl Acad Sci USA 2002, 
99(6)3684-9. 

12. Brosch R, Pym AS, Gordon SV, Cole ST: The evolution of mycobacterial 
pathogenicity: clues from comparative genomics. Trends Microbiol 2001, 

9(9)452-8. 



Bazira ef al. BMC Infectious Diseases 201 1, 11:81 
http://www.biomedcentral.com/1471-2334/11/81 



13. Cole ST, Brosch R, Parkhill J, Gamier T, Churcher C, Harris D, Gordon SV, 
Eiglmeier K, Gas S, Barry CE, Tekaia F, Badcock K, Basham D, Brown D, 
Chillingworth T, Connor R, Davies R, Devlin K, Feltwell T, Gentles S, 
Hamlin N, Holroyd S, Hornsby T, Jagels K, Barrell BG, et at. Deciphering the 
biology of Mycobacterium tuberculosis from the complete genome 
sequence. Nature 1998, 393(6685)537-44. 

14. Behr MA, Wilson (VIA, Gill WP, Salamon H, Schoolnik GK, Rane , Small PM: 
Comparative genomics of BCG vaccines by whole-genome DNA 
microarray. Science 1999, 284(541 9):1 520-3. 

15. Gordon SV, Brosch R, Billault A, Gamier T, Eiglmeier K, Cole ST: 
Identification of variable regions in the genomes of tubercle bacilli 
using bacterial artificial chromosome arrays. Mot Microbiol 1999, 
32(3):643-55. 

16. Kremer K, van Soolingen D, Frothingham R, Haas WH, Hermans PWM, 
Martin C, Palittapongarnpim P, Plikaytis BB, Riley LW, Yakrus MA, Musser JM, 
van Embden JDA: Comparison of methods based on different molecular 
epidemiological markers for typing of Mycobacterium tuberculosis 
complex strains: interlaboratory study of discriminatory power and 
reproducibility. J Clin Microbiol 1999, 37(8)2607-18. 

1 7. Mojica FJ, F C, Juez G, Rodriguez-Valera F: Long stretches of short tandem 
repeats are present in the largest replicons of the Archaea Haloferax 
mediterranei and Haloferax volcanii and could be involved in replicon 
partitioning. Mol Microbiol 1995, 17:85-93. 

18. Jansen R, E J, Gaastra W, Schouls LM: Identification of genes that are 
associated with DNA repeats in prokaryotes. Mol Microbiol 2002, 
43:1565-1575. 

19. Pourcel C, S G, Vergnaud G: CRISPR elements in Yersinia pestis acquire 
new repeats by preferential uptake of bacteriophage DNA, and provide 
additional tools for evolutionary studies. Microbiology 2005, 151:653-663. 

20. Bolotin A, Q B, Renault P, Sorokin A, Ehrlich SD, Kulakauskas S, Lapidus A, 
Goltsman E, Mazur M, Pusch GD, et ah Complete sequence and 
comparative genome analysis of the dairy bacterium Streptococcus 
thermophilus. Nat Biotechnol 2004, 22:1554-1558. 

21. Jansen R, v EJ, Gaastra W, Schouls LM: Identification of a novel family of 
sequence repeats among prokaryotes. Genomics 2002, 6(1)23-33. 

22. van Embden JD, van Gorkom T, Kremer K, Jansen R, van Der Zeijst BA, 
Schouls LM: Genetic variation and evolutionary origin of the direct 
repeat locus of Mycobacterium tuberculosis complex bacteria. J Bacteriol 
2000, 182(9)2393-401. 

23. Makinen J, M H, Marjamaki M, Viljanen MK, Soini H: Comparison of two 
commercially available DNA line probe assays for detection of 
multidrug-resistant Mycobacterium tuberculosis. J Clin Microbiol 2006, 
44(2):350-352. 

24. Miotto P, P F, Cirillo DM, Migliori GB: Genotype MTBDRplus: a further step 
toward rapid identification of drug-resistant Mycobacterium 
tuberculosis. J Clin Microbiol 2008, 46(1):393-394. 

25. Barnard M, A H, Coetzee G, O'Brien R, Bosnian ME: Rapid molecular 
screening for multidrug-resistant tuberculosis in a high-volume public 
health laboratory in South Africa. Am J Respir Crit Care Med 2008, 
177(7)787-792. 

26. Kent P, Kubica G: Public health mycobacteriology: A guide for the level III 
laboratory. U. S. department of Health and Human Services. Centres for 
Disease Control, Atlanta, Ga. Centres for Disease Control, Atlanta, Ga: 1985. 

27. van Embden JD, Cave MD, Crawford JT, Dale JW, Eisenach KD, Gicquel B, 
Hermans P, Martin C, McAdam R, Shinnick TM: Strain identification of 
Mycobacterium tuberculosis by DNA fingerprinting: recommendations 
for a standardized methodology. J Clin Microbiol 1993, 31(2)406-9. 

28. Huard RC, Lazzarini LC, Butler WR, van Soolingen D, Ho JL: PCR-based 
method to differentiate the subspecies of the Mycobacterium 
tuberculosis complex on the basis of genomic deletions. J Clin Microbiol 
2003, 41 (4):1 637-50. 

29. Kamerbeek J, Schouls L, Kolk A, van Agterveld M, van Soolingen D, 
Kuijper S, Bunschoten A, Molhuizen H, Shaw R, Goyal M, van Embden J: 
Simultaneous detection and strain differentiation of Mycobacterium 
tuberculosis for diagnosis and epidemiology. J Clin Microbiol 1997, 
35(4):907-14. 

30. Brudey K, Driscoll JR, Rigouts L, Prodinger WM, Gori A, Al-Hajoj SA, Allix C, 
Aristimuno L, Arora J, Baumanis V, Binder L, Cafrune P, Cataldi A, et al: 
"Mycobacterium tuberculosis complex genetic diversity: mining the 
fourth international spoligotyping database (SpolDB4) for classification, 
population genetics and epidemiology.". BMC Microbiol 6:23. 



Page 8 of 9 



31. Allix-Beguec C, H D, Weniger T, Supply P, Niemann S: "Evaluation and 
user-strategy of MIRU-VNTRplus, a multifunctional database for online 
analysis of genotyping data and phylogenetic identification of 
Mycobacterium tuberculosis complex isolates.". J Clin Microbiol 2008, 
46(8)2692-9. 

32. Republic of Uganda, Ministry, of. Health: Manual of the National 
Tuberculosis and Leprosy programme in Uganda for district TB/Leprosy 
supervisors: First edition. 1992. 

33. Laboratory services in tuberculosis control. Part 2. Microscopy. WHO 

document WHO/TB/98.258. Geneva. 

34. Byarugaba F, E E, Godreuil S, Grimaud P: Pulmonary tuberculosis and 
Mycobacterium bovis, Uganda. Emerg Infect Dis 2009, 15(1). 

35. Asiimwe BB, Ghebremichael S, Kallenius G, Koivula T, Joloba ML: 
Mycobacterium tuberculosis spoligotypes and drug susceptibility pattern 
of isolates from tuberculosis patients in peri-urban Kampala, Uganda. 
BMC Infect Dis 2008, 8:101. 

36. Niemann S, Rusch-Gerdes S, Joloba LM, Whalen CC, Guwatudde D, Ellner JJ, 
Eisenach K, Fumokong N, Johnson LJ, Aisu T, Mugerwa DR, Okwera A, 
Schwander KS: Mycobacterium africanum subtype II is associated with 
two distinct genotypes and is a major cause of human tuberculosis in 
Kampala, Uganda. J Clin Microbiol 2002, 40(9):3398-405. 

37. Niemann S, Kubica T, Bange FC, Adjei 0, Browne EN, Chinbuah MA, Diel R, 
Gyapong J, Horstmann RD, Joloba ML, Meyer CG, Mugerwa RD, Okwera A, 
Osei I, Owusu-Darbo E, Schwander SK, Rusch-Gerdes S: The species 
Mycobacterium africanum in the light of new molecular markers. J Clin 
Microbiol 2004, 42(9):3958-62. 

38. Asiimwe BB, Koivula T, Kallenius G, Huard RC, Ghebremichael S, Asiimwe J, 
Joloba ML: Mycobacterium tuberculosis Uganda genotype is the 
predominant cause of TB in Kampala, Uganda. Int J Tuberc Lung Dis 2008, 
12(4):386-91. 

39. Githui WA, Jordaan AM, Juma ES, Kinyanjui P, Karimi FG, Kimwomi J, 
Meme H, Mumbi P, Streicher EM, Warren R, van Helden PD, Victor TO 
Identification of MDR-TB Beijing/W and other Mycobacterium 
tuberculosis genotypes in Nairobi, Kenya. Int J Tuberc Lung Dis 2004, 
8(3):352-60. 

40. Kibiki GS, Mulder B, Dolmans WM, de Beer JL, Boeree M, Sam N, van 
Soolingen D, Sola C, van der Zanden AG: M. tuberculosis genotypic 
diversity and drug susceptibility pattern in HIV-infected and non-HIV- 
infected patients in northern Tanzania. BMC Microbiol 2007, 7:51. 

41. Kallenius G, Koivula T, Ghebremichael S, Hoffner SE, Norberg R, Svensson E, 
Dias F, Marklund Bl, Svenson SB: Evolution and clonal traits of 
Mycobacterium tuberculosis complex in Guinea-Bissau. J Clin Microbiol 
1999, 37(12):3872-8. 

42. Niobe-Eyangoh SN, Kuaban C, Sorlin P, Thonnon J, Vincent V, Gutierrez MC: 
Molecular characteristics of strains of the Cameroon family, the major 
group of Mycobacterium tuberculosis in a country with a high 
prevalence of tuberculosis. J Clin Microbiol 2004, 42(1 1)5029-35. 

43. Easterbrook PJ, Gibson A, Murad S, Lamprecht D, Ives N, Ferguson A, 
Lowe O, Mason P, Ndudzo A, Taziwa A, Makombe R, Mbengeranwa L, 
Sola C, Rastogi N, Drobniewski F: High rates of clustering of strains 
causing tuberculosis in Harare, Zimbabwe: a molecular epidemiological 
study. J Clin Microbiol 2004, 42(10)4536-44. 

44. Chihota V, Apers L, Mungofa S, Kasongo W, Nyoni IM, Tembwe R, Mbulo G, 
Tembo M, Streicher EM, van der Spuy GD, Victor TC, van Helden P, 
Warren RM: Predominance of a single genotype of Mycobacterium 
tuberculosis in regions of Southern Africa. Int J Tuberc Lung Dis 2007, 
11(3)311-8. 

45. Gagneux S, Small PM: Global phylogeography of Mycobacterium 
tuberculosis and implications for tuberculosis product development. 

Lancet Infect Dis 2007, 7(5):328-37. 

46. Eldholm V, Matee M, Mfinanga SG, Heun M, Dahle UR: A first insight into 
the genetic diversity of Mycobacterium tuberculosis in Dar es Salaam, 
Tanzania, assessed by spoligotyping. BMC Microbiol 2006, 6:76. 

47. Bretzel G, A M, Wendl-Richter U, Adatu F, Aisu T, van Wijnen A, Sticht- 
Groh V: Anti-tuberculosis drug resistance surveillance in Uganda 1996- 
1997. nt J Tuberc Lung Dis 1999, 3(9):810-815. 

48. Umubyeyi AN, V G, Gasana M, Basinga P, Zawadi JP, Gatabazi J, Pauwels P, 
Nzabintwali F, Nyiramasarabwe L, Fissette K Rigouts L, Struelens MJ, 
Portaels F: Results of a national survey on drug resistance among 
pulmonary tuberculosis patients in Rwanda. Int J Tuberc Lung Dis 2007, 
11(2):189-194. 



Bazira ef al. BMC Infectious Diseases 201 1, 1 1:81 
http://www.biomedcentral.com/1471-2334/11/81 



Page 9 of 9 



49. Murray J: The white plague: down and out, or up and coming? Am Rev 

RespirDis 1989, 140:1788-1795. 

50. Shemyakin IG, Stepanshina NV, Ivanov Yl, Lipin YM, Anisimova AV, 
Onasenko GA, Korobova VO, Shinnick MT: Characterization of drug- 
resistant clinical isolates of Mycobacterium tuberculosis derived from 
Russian inmates. Int J Tuberc Lung Dis 2004, 8:1 194-1203. 

51. Igor (vlokrousov, Narvskaya Olga, Otten Tatiana, Limeschenko Elena, 
Steklova Lidia, Vyshnevskiy Boris: High prevalence of KatG Ser315Thr 
substitution among isoniazid-resistant Mycobacterium tuberculosis 
clinical isolates from northwestern Russia, 1 996-2001. Antimicrob Agents 
Chemother 2002, 46:1417-1424. 

52. Zhang M, Yue J, Yang YP, Zhang HM, Lei JQ, Jin RL, Zhang XL, Wang HH: 
Detection of mutations associated with isoniazid resistance in 
Mycobacterium tuberculosis isolates from China. J Clin Microbiol 2005, 
43:5477-5482. 

53. Wengenack NL, Uhl KR, Amand ALS, Tomlinson AJ, Benson LM, Naylor S, 
Kline BC, Cockerill FR III, Rusnak F: Recombinant Mycobacterium 
tuberculosis KatG (S315T) is a competent catalase-peroxidase with 
reduced activity toward isoniazid. J Infect Dis 1997, 176:722-727. 

54. Ramaswamy S, Musser JM: Molecular genetic basis of antimicrobial agent 
resistance in Mycobacterium tuberculosis: 1998 update. Tuber Lung Dis 
1998, 79(1)3-29. 

55. Ramaswamy SV, Reich R, Dou SJ, Jasperse L, Pan X, Wanger A, Quitugua T, 
Graviss EA: Single nucleotide polymorphisms in genes associated with 
isoniazid resistance in Mycobacterium tuberculosis. Antimicrob Agents 
Chemother 2003, 47(4):1 241 -50. 

56. Vallm A, Rossetti MLR, Ribeiro MO, Zaha A: Mutations in the rpoB gene of 
multidrug-resistant Mycobacterium tuberculosis strains from Brazil. J Clin 
Microbiol 2000, 38:3119-3122. 

57. Glngeras RThomas, Ghandour Ghassan, Wang Eugene, Berno Anthony, 
Small MPeter, Drobniewski Francis, Alland David, Desmond Edward, 
Holodniy Mark, Drenkow Jorg: Simultaneous genotyping and species 
identification using hybridization pattern recognition analysis of generic 
Mycobacterium DNA arrays. Genome Res 1998, 8:435-448, 58. 

58. Siddiqi N, Shamim Mohammed, Hussain Seema, Choudhary Kumar Rakesh, 
Ahmed Niyaz, Banerjee Sharmistha Prachee, Savithri RG, Alam Mahfooz, 
Pathak Niteen, Amin Amol, Hanief Mohammed, Katoch MV, Sharma KS, 
Hasnain ESeyed: Molecular characterization of multidrug-resistant strains 
of Mycobacterium tuberculosis from patients in North India. Antimicrob 
Agents Chemother 2002, 46:443-450. 

59. Heep Markus, Brandstatter Barbara, Rieger Ulrich, Lehn Norbert, 
Richter Elvira, RQsch-Gerdes Sabine, Niemann Stefan: Frequency of rpoB 
mutations inside and outside the cluster I region in rifampin-resistant 
Mycobacterium tuberculosis clinical strains. J Clin Microbiol 2001, 
39:107-110. 

60. Yuen L, Leslie D, Coloe PJ: Bacteriological and molecular analysis of 
rifampin-resistant Mycobacterium tuberculosis strains in Australia. J Clin 
Microbiol 1999, 37:3844-3850. 



Pre-publication history 

The pre-publication history for this paper can be accessed here: 
http://www.biomedcentral.eom/1471-2334/l 1/81/prepub 

doi:1 0.1 1 86/1 471-2334-1 1 -81 

Cite this article as: Bazira ef al:. Mycobacterium tuberculosis spoligotypes 
and drug susceptibility pattern of isolates from tuberculosis patients in 
South-Western Uganda. SMC Infectious Diseases 201 1 11 :81 . 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at f \ RioM _-| rpntr ,i 

www.biomedcentral.com/submit \ J BHMWea central 



